The need for a variety of anaesthetic agents, and the inevitable increase in the costs of anaesthesia as new agents are introduced to clinical practice, have been questioned (Prys-Roberts, 1981) . Therefore, before any new agent replaces an existing one it should have proven advantages. Potentially, isoflurane is a suitable agent for day-case surgery because of its low blood solubility and minimal degree of biodegradation, properties which should result in rapid elimination from the body and, hence, recovery from anaesthesia (Corall, 1983; Jones, 1984) . This potential was confirmed in studies of prolonged anaesthesia (Davison et al., 1975; Eger, 1981) . Although isoflurane, plus nitrous oxide in oxygen, has been shown to be satisfactory for the induction and maintenance of anaesthesia in premedicated and unpremedicated children (Wren et al., 1985) , other studies have shown that it has no significant advantage over halothane when used in the maintenance of anaesthesia for day-case surgery in patients in whom anaesthesia was induced i.v. (Carter, Dye and Cooper, 1985) .
In the present study we compared the induction, maintenance and recovery from brief anaesthesia when either isoflurane or halothane was the sole supplement to anaesthesia with nitrous oxide and oxygen in unpremedicated children undergoing outpatient dental surgery.
PATIENTS AND METHODS
Eighty children aged between 5 and 12 yr, undergoing extraction of two to six teeth (in order to standardize the degree of surgical stimulation and the duration of anaesthesia) were studied. Informed consent was obtained from the accompanying parent or guardian and the children were then allocated randomly to one of two equal groups, one receiving isoflurane (group 1) and the other halothane (group 2). All children were in ASA category I and were not receiving any concurrent medication. None of the children received preoperative medication.
SUMMARY
Induction of anaesthesia was undertaken with the child in the sitting position using a Goldman nasal mask and a continuous flow Bain system with active scavenging. Nitrous oxide 6 litre min" 1 and oxygen 2 litre min" 1 were administered with the mask held close to the child's face with the anaesthetist's hand cupped around it for the first few breaths. The mask was then applied more closely and the volatile agent introduced. The concentration of the inhalation agent was increased in three increments over the first 30 s of induction to either 2.5% isoflurane or 1.5% halothane and maintained at these concentrations until the end of surgery. Isoflurane was vaporized using a Fortec vaporizer (Cyprane Ltd) and halothane using a Fluotec Mark III vaporizer (Cyprane Ltd). The calibration of both vaporizers was checked by mass spectrometry.
The time to loss of eyelash reflex (ELR) was recorded and the dental chair then placed in the supine position. Induction of anaesthesia was considered complete when the jaw was sufficiently relaxed to allow insertion of a V-Pack (Vickery and Burton, 1977) by the dental surgeon. The time to jaw relaxation was noted, as was the occurrence of complications such as coughing, salivation, laryngospasm, sneezing and complaints about the pungent smell of an agent. At the end of surgery the mask was withdrawn and the time recorded. The patient was then moved to the recovery area where experienced recovery room nurses, who were unaware which volatile agent had been used, recorded the times to return of ELR, the return of swallowing, the ability to respond to commands, the ability to stand with the eyes closed and without swaying, and finally the ability to walk unaided in a straight line. These last two criteria were considered to represent a stage of recovery compatible with discharge from hospital in the care of the accompanying adult. In addition, the recovery room nurses noted the incidence of complications such as shivering, nausea, vomiting, coughing and headache occurring during the early period of recovery from anaesthesia. Differences between the two groups occurring after discharge from hospital were assessed using a questionnaire completed and returned by the accompanying parent or guardian. Information was requested regarding the incidence of headache, dizziness, nausea, vomiting, muscle aches and bad dreams, and when normal activity returned and a normal appetite was regained. Statistical evaluation of the patient characteristics, operative details and induction and recovery times was based on unpaired Student's r test, whilst the analysis of the data obtained from the returned questionnaire was based on the x* test.
RESULTS
The 40 patients in either group were comparable in respect of age, weight, number of teeth extracted, the duration of anaesthesia and the duration of surgery (table I). The mean time to loss of ELR following isoflurane (2.7 min; SD 0.8) was similar to that for halothane (2.8 min; SD 1.0), but jaw relaxation occurred significantly later (P < 0.05) following isoflurane (5.2 min, SD 1.5) compared with halothane (4.7 min, SD 1.1). The incidence of complications (table II) during induction and maintenance of anaesthesia was greater in group 1 (isoflurane) patients, although this was not statistically significant. No complication in either group was severe enough to interfere with the conduct of the anaesthetic. Maintenance of anaesthesia was equally satisfactory with either agent, and once jaw relaxation had been reached no complication was noted in any patient in either group. Surgical conditions were con- sidered satisfactory in all children. During the early recovery period the patients in group 2 (halothane) had shorter mean recovery times (table III) , as measured by return of ELR, return of swallowing and ability to obey commands. These time differences between the two groups were all significant (P < 0.01). Patients in group 2 (halothane) also had a shorter late recovery time as measured by the ability to stand with the eyes closed without swaying and to walk in a straight line. In each case the difference was significant (P < 0.01). Postoperative complications were minor and did not delay the discharge from hospital of any patient in either group (table IV) .
Three patients in the halothane group were noted by the recovery staff to be shaking, whilst no patient in the isoflurane group exhibited this symptom (ns). There was no difference between the two groups in the incidence of nausea, vomiting or headache. The incidence of postoperative coughing was significantly different in the two groups: all nine patients who were noted to be coughing were in the isoflurane group and no patient in the halothane group (x s = 10.14; P < 0.005) developed this symptom.
Thirty-four completed questionnaires were returned in respect of patients in the isoflurane group and 32 for the halothane group. Apart from V) . There was no significant difference between the two groups in the time taken to the resumption of normal activity and the return of normal appetite (table VI) .
DISCUSSION
Induction of anaesthesia with isoflurane was accepted by the children as readily as that with halothane. We confirmed the findings of Wren and colleagues (1985) that the pungency of isoflurane, suggested by earlier studies (Eger, 1981) as likely to delay induction in some patients, did not cause problems in clinical practice. In the entire study, only three patients complained about the smell of the anaesthetic and two of these were in the halothane group. Coughing, salivation and laryngospasm occurred more frequently with isoflurane than halothane, but all such complications were minor and did not delay induction or interfere with the conduct of the anaesthetic. Despite the fart that our patients were all unpremedicated, the incidence of these complications was much lower than that described by previous authors (Homi et al., 1972; Buffington, 1982; Forrest, 1982; Fisher et al., 1984; Flynn et al., 1986) and may have been the result of the gradual introduction of relatively low inspired concentrations of isoflurane. (Our maximum concentration setting was 2.5% while Wren and colleagues (1985) describe the smooth induction of anaesthesia with gradual introduction of up to Recovery was assessed on clinical observations and only simple tests to assess the return of co-ordinated locomotor activity were performed. All the children recovered rapidly from anaesthesia and were considered fit for discharge from hospital within 55 min. In this study we aimed to administer equipotent concentrations of isoflurane and halothane, to allow comparison with a previous study of enflurane (Hoyal, Prys-Roberts and Simpson, 1980) . Our estimations were based on published MAC values in younger patients (26 ±4 yr) in the absence of such information in children for isoflurane. (The MAC in 70 % nitrous oxide was taken as 0.56 % for isoflurane and 0.29 % for halothane.) The concentration used was adequate for surgery in all patients and was associated with almost identical induction times in the groups. The delayed recovery following isoflurane was in marked contrast to expectations based upon its physical properties and may suggest that, during brief anaesthesia, factors other than blood solubility (eg. distribution to other tissues) may assume more importance than in more prolonged anaesthetics.
The incidence of later postoperative complications was similar in both groups, except for the significant number of patients who had received isoflurane and developed muscle aches. Information about the site or character of the aches had not been sought in the questionnaire and the symptom was not reported early in the recovery period.
From the findings of this study, we feel that isoflurane provides a satisfactory but expensive alternative to halothane and offers no advantages over the older agent. Under the conditions of our study isoflurane resulted in an unexpected delay in recovery from anaesthesia.
